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Abstract. We considered the kaon absorption from atomic states into nucleus. We found that the nuclear
density probed by the atomic kaon significantly depends on the kaon orbit. Then, we reexamined the
meanings of the observed strengths of one–body and two–body kaon absorption, and investigated the effects
to the formation spectra of kaon bound states by in–flight (K−, p) reactions. As a natural consequence, if
the atomic kaon probes the smaller nuclear density, the ratio of the two–body absorption at nuclear center
is larger than the observed value, and the depth of the imaginary potential is deeper even at smaller kaon
energies as in kaonic nuclear states because of the large phase space for the two–body processes.
PACS. 25.80.Nv Kaon–induced reactions – 36.10.Gv Mesonic atoms and molecules, hyperonic atoms and
molecules – 13.75.Jz Kaon-baryon interactions
1 Introduction
Kaonic atoms and kaonic nuclei are known to carry impor-
tant information concerning the K−–nucleon interaction
in nuclear medium. This information is very important
to know the kaon properties at finite density. In recent
years, there have been many researches in the studies of
kaonic nuclear states, which are kaon–nucleus bound sys-
tems by the strong interaction inside the nucleus. Experi-
mental studies of the kaonic nuclear states using in–flight
(K¯,N) reactions were proposed and performed by Kishi-
moto and his collaborators [1,2]. And the first theoretical
results of the energy spectra of the in–flight (K¯,N) re-
action were obtained in Ref. [3] and later in Ref. [4] with
the Green function method, where we have shown the diffi-
culties to obtain clear signals for kaonic nuclear states for-
mation experimentally. Indications of K−pp bound state
were reported by the FINUDA experiment [5]. There are
also theoretical studies of the structure and formation of
kaonic nuclear states related to these experimental activ-
ities [6]. It should be noted that these theoretical studies
predict the possible existence of ultra–high density states
in kaonic nuclear systems [6,7]. The critical analyses of the
latest data were also reported by Oset and Toki and their
collaborators [8,9]. In our previous papers [3,4], we have
made clear that the signals of the kaonic nuclear state for-
mation in the (K¯,N) reactions are expected to be very
small. These could be complemental results to those of
Oset and Toki who claimed that the origins of the struc-
ture in the experimental spectra can be explained by the
well–known processes [8,9]. The detailed analysis was also
Send offprint requests to:
performed to understand fully the FINUDA data [10]. We
also mention here that some indications of existence of
the NARROW kaonic nuclear states reported in Refs. [11]
were reanalyzed by the authors leading to the different
conclusions, recently [12].
The K−–nucleus interaction has been studied for a
long time based on the kaonic atom data obtained by
the X–ray spectroscopy. In Ref. [13], the phenomenologi-
cal study of kaonic atoms are performed comprehensively,
where the density–dependent potentials are considered for
χ2 fitting to take into account possible non–linear effects
which could be due to Λ(1405) resonance. There are also
K−–nucleus theoretical interactions based on the SU(3)
chiral Lagrangian [14,15,16,17,18,19,20]. These theoreti-
cal potentials are shown to have the ability to reproduce
the kaonic atom data reasonably well [21,22]. The kaonic
nuclear states were also studied using these interactions
and shown to have large decay widths of the order of sev-
eral tens of MeV. [21,23,24]
One of the most important physical effect to realize the
NARROW kaonic nuclear states assumed in Refs.[1,6,7]
is the suppression of the imaginary potential for deeply
bound kaonic nuclear states due to the threshold effects
of the decay processes. Actually the one–body process
K¯N → piΣ does not occur if the total energy is smaller
than the threshold energy E = mK¯+mN −101 MeV, and
as for the two–body process K¯NN → ΣN , the threshold
energy is E = mK¯ + 2mN − 239 MeV, where we have
also used the average masses of their charged states for
pi, N, Σ hadrons. Thus, if the K¯ has much smaller en-
ergies in the nucleus than that in vacuum, these decay
channels could be suppressed by the threshold effects. In
the bound states of some of the kaonic nuclear states pre-
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dicted in Refs. [6,7], the one–body decay processes could
be closed. However, the two–body processes are still open
at those energies and provide the imaginary part of the
kaon–nucleus potential, which can be expected to have
larger effects than one–body processes for higher nuclear
densities such as predicted in Refs. [6,7]. Thus, we think
that it is very important to know correctly the strength
of one–body and two–body decay channels for the studies
of the kaonic nuclear states.
The purpose of this paper is to study the kaon ab-
sorption in nuclei from atomic orbits and to reexamine
the meanings of the experimental data. We also like to
evaluate the importance of one–body (K¯N → piY ) and
two–body (K¯NN → Y N) decay channels of kaonic nu-
cleus from the experimental data in a phenomenological
way for a specific nuclei (12C). The comprehensive analy-
sis for all existing data like performed in Ref. [13] is be-
yond the scope of this paper. The evaluation considered
in this paper, however, is significantly important to know
the density and energy dependence of the imaginary part
of the K¯–nucleus optical potential. Since the predictions
of the existence of the narrow kaonic nuclear states are es-
sentially based on the imaginary potential suppression due
to the threshold effects of the decay channels, we need to
know the strength of each decay channel which has differ-
ent energy dependence, and to know the correct threshold
effects. In addition, we need to know the density depen-
dence of the optical potential to evaluate the widths of the
kaonic nuclear states in the possible high–density matter
predicted in Refs. [6,7], where the multi–body processes
should be more important for kaonic nuclear decay pro-
cesses and widths. Then, we also like to show the effects
to the (K−, p) spectra reported in Ref. [4].
In Sec. 2, we show the density distributions of kaonic
atoms to know the effective nuclear densities probed by
the kaon absorptions in the stopped K¯ experiments. In
Sec. 3, we evaluate the relative strength of one–body and
two–body absorptive processes and obtain the optical po-
tentials in a phenomenological way. In Sec. 4, we show the
expected (K¯,N) spectra for the formation of kaonic nuclei
using the absorptive potential obtained in Sec. 3. We also
show the possible background contributions to the emit-
ted proton spectrum. Sec. 5 is devoted to conclusions of
this paper.
2 Effective Nuclear density probed by Kaonic
Atoms
In this section, we would like to clarify the meanings of
the experimental information concerning the kaon absorp-
tion. We find the experimental information of the absorp-
tion processes in kaon–nucleus bound systems in Ref. [25],
where the branching fractions for K− absorption in 12C
were determined experimentally. The branching ratios of
one–body mesic decay (K¯N → piY ) and two–body non–
mesic decay (K¯NN → Y N) were concluded to be 80%
and 20%, which were used to evaluate the widths of the
kaonic nuclear states in Refs. [4,26]. This ratio, however,
Fig. 1. Overlapping probabilities (lower frame) of theK− den-
sities (upper frame) with the nucleon densities (middle frame)
in the atomic kaon bound states in 12C calculated with the
(left) chiral unitary and (right) phenomenological optical po-
tentials. The radius r, where the overlapping probability take
highest value for each atomic state, is shown in middle frame
by an arrow for the chiral unitary potential which indicates
the effective nuclear density probed by the kaon in the atomic
state.
was determined by the stopped kaon absorption from a
certain atomic orbit and should be considered as the ratio
at the nuclear surface.
First, we examine which part (r) of the nuclear den-
sity (ρ(r)) is probed by a kaon in the atomic state us-
ing a similar analysis as in Ref. [27] for pionic atoms.
We consider kaonic atoms in 12C and two kind of opti-
cal potentials as kaon–nucleus interaction, which are the
chiral unitary potential [16] and the phenomenological
potential [13]. The phenomenological potential has much
stronger attraction than the chiral unitary potential and
has three kaonic nuclear states inside the nucleus. The pro-
ton and neutron matter density distributions are assumed
to take two–parameter Fermi distributions with the radius
parameter R = 2.0005 fm and the diffuseness parameter
a = 2.3/4 ln3 fm [28]. We take into account the size of
the nucleon using the same prescription as in Ref. [29].
In Fig. 1, we show the kaonic atom densities (|Rnl(r)|
2),
the nuclear densities (ρ(r)) and the overlapping densities
(namely, the nuclear densities probed by K−), defined as
S(r) = ρ(r)|Rnl(r)|
2r2 , (1)
for 12C with the chiral unitary and the phenomenological
optical potentials.
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Table 1. The effective nuclear matter densities ρe of kaonic
atoms in 12C, which are defined as the nuclear matter densities
at radius r where the overlapping densities shown in Fig. 1
takes the maximum value. The density distributions of kaonic
atoms are calculated with the chiral unitary potential.
Chiral Unitary potential
Atomic States ρe fm
−3
1s 0.155
2p 8.16× 10−2
3d 3.16× 10−2
4f 6.57× 10−3
From these figures, we find that the peak positions of
the overlapping densities, and thus, the effective nuclear
densities ρe probed by a kaon, which are defined as the
nuclear density at radius r where the overlapping den-
sity takes maximum value, depend on the atomic orbits of
bound kaon significantly. Actually, we find that the kaon
in atomic 1s state effectively probes ρ1se = 0.155 fm
−3,
while for the kaon in atomic 4f state the effective density
is ρ4fe = 0.00657 fm
−3 for the chiral unitary optical poten-
tial. For the phenomenological optical potential, we also
find a significant dependence of the peak positions of the
overlapping densities to the kaon atomic states. In this
case, the overlapping densities have 2 peaks for kaonic
1s and 2p states because of the behavior of kaonic den-
sities which indicate the existence of the kaonic nuclear
states. We show the effective nuclear densities in Table 1
only for the chiral unitary potential because of the compli-
cated structure of S(r) for the phenomenological potential
with double peaks. We will show below the quantitative
results for the phenomenological potential case in a dif-
ferent way. We should notice here that this strong depen-
dence of the peak positions of the overlapping densities
to the atomic states of the kaon is completely different
from that of pionic atoms, where the overlapping densi-
ties are peaked at a radius slightly less than the half–
density radius, nearly independent of the nucleus and the
pi− quantum numbers [27]. This means that the bound pi−
always probes effectively a fraction of the full nuclear den-
sity ρe ≈ 0.60ρ(0) , while the bound K
− probes various
nuclear densities according to the atomic states where the
K− is trapped.
To see this kaonic orbit dependence of ρe in a different
way and to show the results for both potentials in the
same manner, we show in Table 2 the calculated rms radii
Rovrms of overlapping densities S(r) which are defined as,
Rovrms =
[∫ S(r)r2d3r∫
S(r)d3r
]1/2
. (2)
We find that the Rovrms depends on the kaonic states signif-
icantly both for the chiral unitary and phenomenological
potential cases. The Rovrms with the chiral unitary poten-
tial is slightly larger than that with the phenomenological
potential.
Table 2. calculated root–mean–square radii of the overlapping
densities for four kaonic atom states with the chiral unitary and
the phenomenological potentials. See text for the definition of
Rovrms.
Rovrms[fm] 1s 2p 3d 4f
Chiral Unitary 3.60 3.73 4.42 5.31
Phenomenology 3.53 3.70 4.18 5.06
Actually in the history of kaonic atom studies, it has
been recognized for a long time that the kaon in atomic
states probed the nuclear surface [30]. Here we would like
to emphasize again that this feature is much different from
that of pionic atoms and the nuclear densities probed by
kaons depend significantly on the quantum numbers of the
atomic states of the kaon.
Investigating the correlations of the potential param-
eters is another interesting issue. As indicated by Seki
and Masutani, there are some correlations between poten-
tial parameters for the cases of shallow pionic atoms [31],
which also hold for deeply bound pionic atoms [32]. These
correlations are known to indicate that the pionic atom
properties are determined by the potential strength at a
certain nuclear matter density, which is ρ ∼
1
2
ρ0 for the
local part of pion–nucleus optical potential for all atomic
states. This value is close to the ρe of pionic atoms deter-
mined by using the overlapping density S(r) [27].
In the present case for kaonic atoms, the effective nu-
clear matter densities ρe probed by kaonic atoms are sig-
nificantly different for different atomic states. Thus, we
can expect to have different correlations between poten-
tial parameters for different atomic states, which could
be used to determine the potential parameters using the
atomic data. Since we are interested in the absorption pro-
cesses of the kaon in the nucleus, we study the correlation
of the parameters of the imaginary part of the optical po-
tential defined in the next section in Eq. (3). The real
part of the optical potential is fixed to be the same as for
the phenomenological potential [13]. We show the contour
plots of the calculated widths of kaonic 12C atoms in 2p
and 3d states in Fig. 2. As we expected, we find much
different parameter correlations for these states. We men-
tion here again that these different features of the contour
plots are expected to be due to the strong atomic state
dependence of the nuclear matter densities probed by the
kaonic atoms. This feature of kaonic atoms is completely
different from that of pionic atoms.
3 One–body and two–body absorption
strength
Now, we need to reexamine the meanings of the exper-
imental information on the kaon absorption obtained in
Ref. [25], where the branching ratio of one–body and two–
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Fig. 2. Contour plots of the widths for the (a) 2p and (b)
3d states of kaonic atoms in 12C in the a1 − a2 plane of the
imaginary part of the optical potential defined in Eq. (3). The
real part of the optical potential is fixed to be the same as the
phenomenological optical potential [13].
body K− absorption processes are determined to be 80 %
and 20 %. Since, as discussed in Sec. 2 in detail, the effec-
tive nuclear matter densities probed by the kaonic atoms
depend significantly on the atomic states where kaon ex-
ists, it is quite important to know the atomic state from
where most of the kaons are absorbed by the nucleus and
to know the nuclear matter density probed by the deexci-
tation process when emitting the X–ray.
For this purpose, we assume the imaginary part of the
optical potential to take the form,
ImVopt = −
4pi
2µ
{(
1 +
mK¯
mN
)
a1ρ+
(
1 +
mK¯
2mN
)
a2ρ
2
}
(3)
to treat the one–body and two–body processes separately
in a clear manner and consider the parameters a1 and a2.
In Ref. [26], we can find another kind of analysis consid-
ering different forms of the imaginary potential.
We then consider the experimental information of the
kaon absorption [25]. The nuclear matter density ρabs probed
by the kaon absorption experiment is expected to satisfy
the condition
(
1 +
mK¯
mN
)
a1ρabs :
(
1 +
mK¯
2mN
)
a2ρ
2
abs = 80 : 20 , (4)
because of the consequence of the experiment [25], and
this means the existence of the linear relation between a1
and a2 as,
a1 =
80
20
(1 + mK¯
2mN
)
(1 + mK¯mN )
ρabsa2 . (5)
By assuming the ρabs in Eq. (5), we can determine the
linear relation between the coefficients a1 and a2. One of
the reasonable assumption is to fix the ρabs to be the same
value as the ρe of the atomic states considered in Sec. 2.
To know the atomic state where the kaon is mainly
absorbed in the nucleus in the deexcitation process, we
can expect to have the experimental information from the
data of the absolute intensities of the emitted X–ray shown
in Table IV of Ref. [33] for the kaonic atoms in 12C. In
that Table, we can find that the observed X–ray intensi-
ties from transitions (ni, nf) = (3, 2) are around one or-
der of magnitude smaller than those from the transitions
(ni, nf) = (4, 3), where ni and nf are the principal quan-
tum numbers of the initial and final kaonic states. Thus,
we may expect naively that most of the kaons are absorbed
by the nucleus from the 3d atomic state and a tiny frac-
tion of the kaon continue the X–ray transition to deeper
2p state. We consider both possibilities of kaon absorption
from atomic 2p and 3d states, here.
Based on these facts, we postulate here the following in
order to determine the potential parameters of the imag-
inary part in a phenomenological way;
(i) most of the kaon is absorbed by the nucleus from 2p
and 3d atomic states in the kaon–12C system in the X–ray
deexcitation processes, and the ρabs in Eq. (5) is equal to
be ρe in Table 1,
(ii) the depth of the imaginary potential is the same as
that of the phenomenological potential obtained in Ref. [13]
to be roughly consistent with the accumulated atomic
data, and additionally we take the real part of the same
phenomenological potential.
By these assumptions, we can fix the potential param-
eters as;
Set1 : (a1, a2) = (0.883, 51.2) for ρabs = ρe(2p) ,
Set2 : (a1, a2) = (0.547, 81.9) for ρabs = ρe(3d) , (6)
in units of a1 [m
−1
K ] and a2 [m
−4
K ], respectively.
We show in Fig. 3 the region of a1 and a2 parameters
consistent with the experimental data [34] of the width of
the kaonic 2p state and the 3d→ 2p transition X–ray en-
ergy in 12C. Since the contour for the width of the 2p state
has the ridge structure, there are two dashed lines for one
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Fig. 3. Experimental data of the width of kaonic 2p state Γ2p
(dashed lines) and the X–ray energy of the 3d→ 2p transition
(solid line) are shown in the plane of the potential parameters
a1 and a2 for the imaginary potential Eq. (3) for
12C. The real
part of the optical potential is fixed to be the same as the phe-
nomenological optical potential [13]. The errors of both data
are indicated by the hatched areas. Please note there are two
dashed lines for one value of the experimental width because
of the structure of the contour of the Γ2p as shown in Fig. 2
(a). Two stars in the figure indicate the parameter sets (a1, a2)
determined in Eq. (6). See text for details.
value of the experimental width. We find that the errors
of the data are too large to determine the unique param-
eter set (a1, a2) from the data. However, we can find the
acceptable region of the parameters a1 and a2. We show
the values of the (a1, a2) parameters determined above in
Eq. (6) in the same figure, and we find that both sets of
parameters are close to the acceptable region determined
from the data. We can fix the parameter sets (a1, a2) so
as to reproduce both experimental data (energy shift and
width) instead of imposing the condition (ii) described
above. We, however, adopted the condition (ii) so as to
avoid obtaining a significantly deeper ImVopt than that of
the phenomenological potential.
We show the imaginary part of the optical potential in
Fig. 4 for different kaon energies. The energy dependence
is introduced for phenomenological potentials as,
ImVopt(r, E) = −
4pi
2µ
{(
1 +
mK¯
mN
)
a1ρ(r)f1(E)
+
(
1 +
mK¯
2mN
)
a2ρ
2(r)f2(E)
}
(7)
using the phase space factors f1 and f2 defined in Ref. [26]
and used in Ref. [4] for one–body and two–body absorp-
tion processes, respectively. We also show in the same fig-
ure the optical potentials of the phenomenological model
obtained in Ref. [13] with the same energy dependence
adopted in Refs. [4,26], and the theoretical optical po-
tential obtained by the chiral unitary model in Ref. [16]
for comparison. As we can see from the figures, the three
imaginary potentials (a-c) which have the same depth at
the nuclear center at the threshold energy have signifi-
cantly different energy dependence. In Fig. 4(a), the ob-
served ratio of the one–body (80%) and two–body (20%)
absorption [25] is interpreted as the ratio at nuclear den-
sity ρ = 8.16 × 10−2 fm−3 probed by kaon in atomic 2p
state as described in Sec. 2. Similarly, in Fig. 4(b), the ob-
served ratio is interpreted to be the ratio at nuclear den-
sity probed by kaon in atomic 3d state ρ = 3.16 × 10−2
fm−3. In these cases, the ratio of the one–and two–body
processes at the nuclear center is different from that de-
termined by the experiment which is expected to provide
the information at nuclear surface. And, due to the dif-
ferent energy dependences of both processes as expressed
by the functions f1 and f2, the energy dependence of the
whole imaginary potentials is different for these cases. In
Fig. 4(c), the one–body to two–body ratio is assumed to
be the same for all nuclear density region for obtaining the
energy dependence as in Ref. [4], and, hence, the energy
dependence of the imaginary potential is different from
both (a) and (b). The imaginary potential of the chiral
unitary model is also shown in Fig. 4(d) for comparison.
4 Formation spectra of kaonic nuclei by
In-flight (K−, p) reactions
We have shown the calculated (K−, p) spectra for the for-
mation of kaonic nuclear states in Fig. 5 using the same
theoretical reaction models described in Ref. [4]. We have
found that the three potentials, which have the same real
part and almost the same depth of the imaginary part at
E = 0, provide a slightly different spectra in energy re-
gions of the kaonic nuclear states. As we can see in Fig. 5
(c), the spectrum obtained by the phenomenological op-
tical potential [13] with the assumed energy dependence
for the imaginary part shows some indications of kaonic
nucleus formation at Tp = 700 − 750MeV as reported in
Ref. [4]. On the other hand if we assume that the kaon ab-
sorption reported in Ref. [25] occurs at the nuclear surface
probed by the kaonic 2p and 3d atomic sates, we find that
smoother spectra are expected as shown in Fig. 5 (a) and
(b) due to the different energy dependence of the imagi-
nary part of the optical potential. And we think that it is
more difficult to observe the signals of the kaonic nuclei
formation in these cases as can be seen in Fig. 5 (a) and
(b) around Tp = 700− 750MeV. All our calculated results
reported here and in Ref. [4] show no clear peak struc-
tures for the formation of kaonic nuclear states in 12C and
indicate the difficulties to obtain reliable evidence of the
existence of kaonic nuclear states. Our theoretical results
seems fully consistent with the latest data by Kishimoto
et al. [35].
We also make some comments on the background pro-
cesses in this (K−, p) reactions. As pointed out in Refs. [8,
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Fig. 4. The imaginary part of the kaon–nucleus optical potentials for 12C are plotted as functions of the radial coordinate r for
three kaon energies E = 0 (solid line) , −50 (dashed line), and −100 (dotted line) MeV. The potentials shown in (a) and (b)
are obtained in Eq. (6) (please see text for details). The phenomenological potential in Ref. [13] with the energy dependence
adopted in Refs. [4,26] is shown in (c). The imaginary potential of the chiral unitary model [16] is shown in (d).
Fig. 5. Calculated spectra of the 12C(K−, p) reactions for the
formation of kaon–nucleus systems at TK− = 600 MeV plotted
as functions of the emitted proton energy Tp at θ
Lab
p = 0 (deg.)
with the energy dependent optical potentials. The imaginary
part of the optical potentials for (a) and (b) are obtained in
Eq. (6) (please see text for details). The spectra in (c) and (d)
are calculated with the phenomenological optical potential [13]
and the chiral unitary potential [16] same as those reported in
Ref. [4]. The vertical dashed lines indicate the kaon emission
threshold in the final states. The arrows indicate the proton
energies from possible background processes listed in Table 3
estimated without final state interactions.
9], some familiar quasi–free processes may have contribu-
tions to the (K−, p) spectra. We have checked more than
100 combinations of the possible processes which provide
the proton emission in the final states after kaon absorp-
tion. We found 10 processes listed in Table 3 which will
provide the final proton in the same energy region for the
kaonic nucleus formation. In our evaluation of the proton
kinematics, we have assumed that the initial nucleons are
at rest in the nucleus with the 8 MeV binding, and we
have neglected the final states interaction effects such as
multiple scatterings. Thus, we expect that the real con-
tributions of the background distribute for lower proton
energy regions than the proton energies listed in Table 3.
We also show the proton energies in the Fig. 5 (a) by the
solid arrows. In addition, it might be important to con-
sider the proton emissions by the quasi–elastic reactions
with target break–up as the background. We think that to
know the spectra of kaonic nucleus formation we should
be very careful to remove these background contributions
from observed spectra by using the reliable theoretical cal-
culations.
5 Conclusions
Kaonic atoms and kaonic nuclei are very important ob-
jects to extract valuable information on the kaon behav-
iors at finite densities. In addition, the possible existence
of kaonic nuclear states with narrow widths and the exotic
states with higher densities predicted theoretically stim-
Junko Yamagata, Satoru Hirenzaki: Kaon Absorption from Kaonic Atoms and Formation Spectra of Kaonic Nuclei 7
Table 3. Possible quasi–free background contributions to in–
flight (K−, p) reactions for the formation of kaon–nucleus
bound systems, which are classified as proton emissions (indi-
cated by circles) from two body kaon absorption (1,2), hyperon
decay after two body kaon absorption (3,4), hyperon decay af-
ter one body kaon absorption (5,6), two body pion absorption
after one body kaon absorption (7-10). The emitted proton
energies listed in the last column are evaluated by assuming
the nucleons at rest with the 8 MeV binding in the nucleus.
The background contributions are expected to appear in the
spectra at lower proton energies than those listed in this table
because of the final state interactions, which are not considered
here.
Process Tp
[MeV]
1 K−pp→ Λ p© 798.89
2 K−NN → Σ p© 749.32
3 K−NN → NΣ Σ → pi p© 816.59
4 K−pN → NΛ Λ→ pi− p© 785.94
5 K−p→ pi−Σ+ Σ+ → pi0 p© 644.71
6 K−p→ pi0Λ Λ→ pi− p© 610.35
7 K−p→ pi−Σ+ pi−pp→ n p© 678.67
8 K−p→ pi0Σ0 pi0pN → N p© 676.16
9 K−p→ pi+Σ− pi+nN → N p© 671.47
10 K−p→ pi0Λ pi0pN → N p© 756.78
ulated both theorists and experimentalists, leading to ac-
tive research concerning the structure and formation of the
kaon–nucleus systems, recently. In order to make these ac-
tive researches very fruitful as they should be, we believe
that we need definitely the theoretical calculations for the
formation reaction spectra to get decisive results from the
experimental data.
In this paper, we have considered the kaon absorption
processes from the atomic orbits into nucleus and reexam-
ined the meaning of the experimental data, which deter-
mined the ratio of the one–body and two–body absorptive
strengths by the stopped K experiment. We find that the
effective nuclear density probed by kaons in the atomic
state depends strongly on the atomic orbit of kaon. We
estimate that the nuclear density probed by kaons in the
atomic 1s state is roughly 20 times larger than that by
the atomic 4f state (see Table 1). This feature is much
different from that of pionic atoms in which the nuclear
density probed by pions is nearly independent both on
the atomic orbits and the nuclide. Thus, we need to know
the atomic orbit where kaon absorption occurs to inter-
pret the meaning of the absorption ratio of the one–body
and two–body processes. We have considered two cases
by assuming that the kaon absorption mainly occurs at
(i) atomic 2p state and (ii) atomic 3d state. By consider-
ing the phenomenological optical potentials, we show the
differences of the energy dependence of the imaginary part
of the optical potentials for these two cases. As a natural
consequence, if the atomic kaon probes the smaller nuclear
density, the ratio of the two–body absorption at nuclear
center is larger than the observed value, and the depth
of the imaginary potential is deeper even at smaller kaon
energies as in kaonic nuclear states because of the large
phase space for the two–body processes.
We also investigate the effects to the (K−, p) spectra
for the formation of the kaonic nuclear states. We find that
the reaction spectra are even more smooth than those re-
ported in Ref. [4] and the signals become more unclear if
the absorption happens at the nuclear surface. We con-
clude again that to observe the peak structure for the
evidence of kaonic nuclear state is extremely difficult for
K−−12C systems.
We also consider the possible quasi–free kaon absorp-
tion processes which will be the background of the forma-
tion spectra by (K−, p) reaction (Table 3). These back-
ground processes and the quasi–elastic reactions with tar-
get break–up seem to be important to extract the signals
from the data.
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